he prioritization of criteria for the selection of radar for the air traffic control and protection by multi-criteria decision -making is presented in the paper. By analyzing the content of the available literature, the criteria and attributes of the criteria, on whose basis it is possible to evaluate the radar for the air traffic control, have been separated. The mutual influence of the criteria and attributes has been exerted by testing a group of experts using a questionnaire (the AHP questionnaire). The obtained values are fuzzificated in triangular fuzzy numbers. The processing of the gathered data -triangular fuzzy numbers and the prioritization of the criteria and attributes has been carried out by the AHP method. The consistency of the results has been tested by the ratio of consistency. On the basis of the results, the model that enables the selection of optimal radar for the air traffic control and protection has been proposed.
Introduction
he expansion of the air traffic during the twentieth century resulted in a significant increase in the number of airspace users, different categories and types, which has led to the increase in the probability of emergencies in the airspace and threats to security.
The airspace control and protection is the right and obligation of every country. The airspace control involves the continuous detection of all objects in the airspace, as well as their monitoring and observation of all airspace activities. The air traffic control and protection is also a very profitable activity, whose improvement has been continuously done, as written by numerous authors Menon et al., 2004; Chen et al., 2017, etc) .
It is necessary to understand that the support of air traffic management and the efficiency and effectiveness of the airspace control and protection depends to a large extent on the radar capability. The importance of radar and other air defence components in preventing the airspace violation and neutralizing the security threat from the air in peace has increased particularly since 9/11 (Petrović et al., 2015) .
The Republic of Serbia is a small country in both qualitative and quantitative terms (about 8 million inhabitants, small area -88,361 km 2 , small gross domestic product, relatively poor economic development, complex geostrategic and geopolitical position), which significantly impacts its equipment with the modern devices including radar. A special influence has been exerted from the territory of the country, as well as the current availability of air force and air defence on the selection of military radars .
Bearing in mind the aforementioned, the research has been conducted with the general objective: the prioritization of the criteria for the selection of radar for the airspace control and protection in accordance with the capabilities of the country by the fuzzy-AHP method.
The abovestated research objective gives rise to the following general hypothesis: On the basis of the fuzzy-AHP method, it is possible to evaluate the criteria for the selection of radar for the airspace control and protection in accordance with the capabilities of the country.
The application of the fuzzy-AHP method enables multi-criteria decision -making process by taking into consideration the uncertainties of the expert opinion, which has the impact on the scientific and methodological justification of the research. This procedure can, in its essence, be applied for the choice of a wide range of technological solutions in other spheres of social life, which makes this research practically justified.
Review of Literature
There is a lot of literature that deals with the evaluation of the criteria for the selection of weapons and military equipment. Mavris & DeLaurentis (1995) investigated the concept of the "overall evaluation criteria" ("OEC") for determination of criteria for selecting the combat aircraft. The prioritization of the criteria for the combat aircraft by the AHP method was researched by Vlačić (2013) . The application of the modified AHP method using the fuzzy numbers in the research of the defence system problems was researched by Božanić et al. (2015) .
The possibilities and goals of improving the air defence system including anti-aircraft units were reseached by Petrović et al. (2015) . The determination and evaluation of the criteria for the selection of anti-aircraft missile systems by the DEMATEL method were researched by Petrović & Kankaraš (2017) . The significant contribution to the application of conventional methods in the fuzzy environment for selection of the weapon was given by Dagdeviren et al. (2009) .
However, the prioritization of the criteria for the selection of radar in the fuzzy environment has not been fully researched by any scientific paper.
Criteria for Selection of Radar
On the basis of previously analyzed contents of literature, the criteria and attributes within each criterion have been determined, on whose basis it is possible to carry out the optimal selection of radar for the airspace control and protection (Sretović, 2018) . The criteria are adapted to the overall evaluation criteria for the selection of the combat system (Mavris & DeLaurentis, 1995) . The radar selection criteria are as follows: affordability (A), spatial performance (B), time performance (C), safety (D), and radar support capability of air defence weapons (E).
The attributes of the affordability are: disposal costs (A1), training costs (A2), operating costs (A3), acquisition costs (A4) and logistics support (A5).
The attributes of the spatial performance are: the primary radar air surveillance zone (B1), the secondary radar air surveillance zone (B2), the fighter aircraft navigation zone (B3) and the number of necessary radars for organization of air surveillance fields (B4).
The attributes of the time performance are: the required time for the detection of an object in the airspace (C1), the required time for the 3D position determination (C2), the required time for identification of airplane (C3), the required time for the course, speed, size of group and membership determination (C4) and the required time for dataprocessing of reconnaissance information (C5).
The attributes of the safety are: force protection (D1), maneuver ability (D2), remote control ability (D3), sensitivity to electronic attack (D4) and frequency agility (D5).
The attributes of the possibility of radar support for air defense weapons systems are: overall ability of navigation (E1), capability of simultaneous instrumental navigation (E2), ability of ground-air communication equipment (E3) and the ability of providing radar surveillance information to anti-aircraft missile systems (E4).
Methodology
For the purpose of prioritization of the criteria and attributes by the AHP (the analytic hierarchy process) method, the data has been gathered by the questionnaire, which has been adapted to the scale of relative importance [1/9, 9] (Saaty, 1980). The prioritization of the weights of elements based on their values has been carried out by the eigenvector (EV) method (Saaty, 1980) . Four experts have performed pairwise comparison of criteria and attributes within each criterion. Bearing in mind the small number of experts and dispersion of the obtained values, the fuzzification of the crisp values has been done using the triangular fuzzy numbers (one of the group decision approaches has been applied).
The procedure of fuzzification has been carried out as follows: 
, where is
, in this case it is equal to 1.
The aforementioned triangular fuzzy numbers characteristics are shown in Figure 1 . Bearing in mind that the calculation has been done using the eigenvector method, the rules of calculation with the triangular fuzzy numbers are as follows:
where is:
{ } 
Prioritization of Criteria for Selection of Anti-Aircraft Missile System
On the basis of the described procedure, the initial preference matrix for the criteria has been established: affordability (A), spatial performance (B), time performance (C), safety (D), and radar support capability of air defence weapons (E). By applying the same procedures, the weights values of attributes have been calculated, which are shown in Table 4 , where the proposed model of criteria and attributes with weight values is presented. The consistency ratio for all the criteria and attributes is less than 0.1.
Discussion
The prioritization of the criteria and attributes of the criteria for the selection of radar for the airspace control and protection has not been the topic of any scientific paper so far. Most of the papers are related to the improvement of certain radar characteristics, the creation of new technological solutions and the modernization of the existing radar systems. However, there are some studies that have researched the evaluation of criteria and the selection of optimum weapons and equipment systems. For example, in his research, Župac (2013) , by applying the AHP method, evaluated the criteria and attributes of anti-aircraft missile system. Petrović & Kankaraš (2017) researched the weights of criteria for the selection of anti-aircraft missile system by the DEMATEL method. In this research, prioritization was carried out by four criteria (economy, effectiveness, maintenance, and combat abilities of the anti-aircraft system).
However, despite these studies, in this paper, for the first time, prioritization has been carried out by the fuzzy-AHP method, which is one of the tools for multi-criteria decisionmaking, where the number of respondents is small (less than 10, in this case only four experts), and where uncertainty, during gathering data, has very important influence, which was not the case in previous papers. In this paper, the selection of experts from specialists has been carried out, which reduced the inconsistency in the decision-making process (the influence of stronger factors on the weaker). It is also necessary to emphasize that the paper relates to the need for prioritization of the criteria for the selection of radar for use during peacetime. The criteria for radar selection are as follows: affordability with the weight of 0.42, then spatial performance with the weight of 0.25, then time performance with 0.13, safety with 0.12 and and the radar support capability of air defence weapons with the weight of 0.07.
On the basis of the results of the research, it can be concluded that the experts think that the economic aspect, especially procurement conditions, have a great influence on the selection and financial sustainability of equipping and exploiting radar (bearing in mind the relatively small domestic gross product of the country). It is also interesting that spatial performance has more importance than time performance, while the importance of safety, as well as the radar support capability of air defence weapons is relatively small (because the procurement of radars is aimed at performing tasks in peace). It is obvious that the experts believe that the tendency of the radar acquisition should be focused on increasing spatial performance, which would reduce the number of radar units. Moreover, according to the expert opinion, it is necessary to significantly increase the ability of time performance, or rapid reaction of the entire air defence system in the case of aviation violation (Petrović et al., 2015) .
On the basis of the aforementioned research results, it can be concluded that the aim of the research is fulfilled and that the general hypothesis is positively verified. The proposed model can be upgraded by applying highly qualified multi-criteria decisionmaking methods, taking into consideration the degree of confidence of the experts (TOPSIS, VIKOR, MAICRA, etc).
Conclusion
The selection of optimum radar is one of the most important tasks of air force and air defense in the future. This is the consequence of the influence that operations, which are carried out by air force and air defence units have on modern armed conflicts, as well as the significance of the air defence system in performing the airspace control and protection in peace. The task of the airspace control and protection is an irreplaceable segment of air traffic management, whose conduct is impossible without modern radar resources.
The future research can also focus on improving the model for the selection of not only radar, but also other weapons and equipment systems, taking into consideration technological-economic analysis. The selection of weapons and equipment systems for the air force and air defence is a complex process, which in the long-term directs the development of the organizational and functional structure of air force and air defence units. Therefore, it is necessary to provide an interdisciplinary approach with respect to both professional and academic public. 
